Classical and quantum realizations of the BRST charge and unified superalgebra of the global superconformal OSp(1|8) and generalized Virasoro and Weyl symmetries, generated by p−branes preserving 3 4 fraction of D = 4 N = 1 supersymmetry, are presented and their possible anomalies are described.
1. Introduction. The physical interpretation of the central charges in D = 4 N = 1 supersymmetry algebra as topological charges carried by branes [1] advanced understanding of the phenomena of partial breaking of supersymmetry [2] . Because branes are constituents of M-theory, spontaneously breaking supersymmetry, their global and local symmetries correlate with the symmetries of M-theory [3] , [4] . Studying these symmetries resulted in the model independent classical analysis of BPS states preserving 1 4 , 1 2 or 3 4 fractions of the D = 4 N = 1 supersymmetry [5] . A special interest to construction of a physical model with domain wall configurations preserving 3 4 fraction of the supersymmetry was subscribed there. That configurations were earlier studied in superparticle dynamics [6] and algebraically realized as the brane intersections in [7] . Then the string/brane action preserving 3 4 fraction of the supersymmetry and generating static solutions for these tensionless objects was proposed in [8] . These results have sharpen the general question: whether quantum exotic BPS states saturated by p-branes preserve the same high M−1 M fraction of N = 1 global supersymmetry as the classical ones? Studying the question on the example of the p-branes preserving 3 4 fraction of D = 4 N = 1 supersymmetry we found some possible quantum obstacles [9] .
Here we analyse the problem applying the BFV approach [10] and construct hermitian quantum BRST operator and generators of the gauge Weyl, Virasoro and global OSp(1|8) symmetries extended by the ghost contributions. After that we choose theQP-ordering in these composed hermitian operators which has previously been motivated in [11] (see also [12] ) as the physical ordering for tensionless strings. Then we find the mentioned obstacles to be condensed in the anomalous terms breaking the nilpotency of the BRST operator and its (anti)commutativity with the quantum generators of the OSp(1|8) superalgebra.
2. Conversion of tensionless super p-brane constraints. New models of tensionless string and p-branes evolving in the symplectic superspace M susy M and preserving all but one fractions of N = 1 supersymmetry were recently studied in [8] , [13] . For M = 2 [ D 2 ] (D = 2, 3, 4 mod 8) the space M susy M extends the standard D-dimensional super space time (x ab , θ a ), (where a = 1, 2, ..., 2 [ D 2 ] ) by the tensor central charge (TCC) coordinates z ab . The coordinates x ab = x m (γ m C −1 ) ab and z ab = iz mn (γ mn C −1 ) ab + z mnl (γ mnl C −1 ) ab + ... form components of the symmetric spin-tensor Y ab . In terms of Y ab and the Majorana spinor θ a the action [8] invariant under N = 1 supersymmetry and world-volume reparametrizations is given by
where W ab = W µab dξ µ is the supersymmetric Cartan differential one-form
and ∂ µ ≡ ∂ ∂ξ µ with ξ µ = (τ, σ M ), (M = 1, 2, ..., p) parametrizing the p-brane world volume. The local auxiliary Majorana spinor U a (τ, σ M ) parametrizes the generalized momentum P ab = 1 2 ρ τ U a U b of tensionless p-brane and ρ µ (τ, σ M ) is the world-volume vector density providing the reparametrization invariance of S p similarly to the null branes [14] .
The action (1) has (M − 1) κ−symmetries
and preserves M−1 M fraction of the N = 1 global supersymmetry, because of the one real condition U a κ a = 0 for the transformation parameters κ a (τ, σ).
For the four-dimensional space-time the action (1) takes the form
This action is invariant under the OSp(1|8) symmetry which is global supersymmetry of the massless fields of all spins in D = 4 space-time extended by TCC coordinates [15] , [16] . The Hamiltonian structure of the action (4), described in [17] , is characterized by 3 fermionic and 2p + 7 bosonic first-class constraints that generate its local symmetries as well as 1 fermionic and 8 bosonic second-class constraints taken into account by the construction of the Dirac bracket. We found that the D.B. algebra of the first-class constraints has the rank equal two and it gives rise to the higher powers of the ghosts in the BRST generator.
To simplify transition to the quantum theory the conversion method [18] [19] [20] [21] [22] [23] , transforming all the primary and secondary constraints in the first class, has been applied in [9] . To this end the additional canonically conjugate pairs (P α q , q α ), (Pα q ,qα), (P (ϕ) τ , ϕ τ ) and the selfconjugate Grassmannian variable f have been introduced. As a result, all the constraints have been converted to the effective first-class constraints in the extended phase space.
The converted constraints for the auxiliary fields are the following
The converted bosonic constraints Φ ≡ ( Φα α , Φ αβ ,¯ Φαβ) originating from the Φconstraints [9] are given by
and have zero Poisson brackets (P.B.) with the constraints (5), (6) and among themselves. The converted fermionic constraints Ψ = ( Ψ α ,¯ Ψα) originating from the primary Ψconstraints and generating four κ−symmetries take the form
where f * = f is an auxiliary Grassmannian variable characterized by the P.B.
The addition of f restores the forth κ-symmetry and transforms all the Ψ-constraints to the first class. The Weyl symmetry constraint ∆ W in the extended phase space is
where the variables (
τ )) form canonically conjugate pairs [9] . Finally, the converted constraints L M of the worldvolume σ−reparametrizations are
The P.B. superalgebra of the converted first-class constraints (5)-(8), (10), (11) is described by the following non zero relations
where χ are Φ, Ψ and ∆ W constraints. The complex conjugate relations have to be added to (12)-(17). The P.B.'s of the remaining constraints are equal to zero in the strong sense.
Having the algebra (12)-(17) one can construct BRST charge of the tensionless super p-brane.
3. BRST charge and OSp(1|8) symmetry generators. The algebra(12)-(17) has the rank equal unity and may be presented in the generalized canonical form
where f AB C are structure functions. Let us note that the algebra (18) generalizes the original algebra [10] by the taking into account ∂ M δ p ( σ − σ ′ ) in the structure functions following from the P.B.'s including the Virasoro constraints L M ( σ) such as
and other ones. The canonically conjugate ghost pairs of the minimal sector corresponding to the first-class constraints may be introduced forming the following triads ( Φ αβ , C αβ ,P αβ ); (¯ Φαβ,Cαβ,Pαβ); ( Φα β , C βα ,Pα β );
Utilizing nonzero structure functions of the superalgebra (12)-(17) one can present the corresponding BRST generator Ω of the minimal sector [10] 
by the following integral along the hypersurface of the closed super p-brane
∆ ext W in Eq. (22) is generator of the gauge world-volume Weyl symmetry
and L ext M is the generalized Virasoro generator
extended by the ghost contributions. Using the P.B.'s of the superalgebra (12)-(17) one can show that the P.B. of the BRST generator density Ω(τ, σ), defined by the integrand (22), with itself is equal to the total derivative The ghost extended "square roots" S γ (τ, σ) and¯ S˙γ(τ, σ) of the ghost extended conformal boost densities K γγ (τ, σ) and K γλ (τ, σ) are given by
Using the densities Ω(τ, σ) (22) and S γ (τ, σ ′ ) (27) we find their P.B.
and conclude that the contribution of the total derivative in the r.h.s. of (29) vanishes after integration by σ and σ ′ . Thus, the BRST charge Ω (22) between Ω and other OSp(1|8) symmetry charges G ≡ d p σG(τ, σ) extended by the ghost contributions will also be preserved, because of the general relation (17) for the generator densities:
The above mentioned expressions for the generator densities of the generalized conformal transformations extended by the ghost contributions take the form
for K γλ (τ, σ) and respectively for K γγ (τ, σ)
(33) The remaining 16 generator densities of OSp(1|8) extended by the ghosts are the following
The adduced expressions should be complemented by their complex conjugate. Note that supersymmetry and generalized translation generator densities do not contain any ghost contribution. One can check that the P.B.-commutation relations of the OSp(1|8) superalgebra extended by the ghost contributions coincide with the P.B.-commutation relations of the original OSp(1|8) superalgebra saturated by the p-brane realization of exotic BPS states [17] .
4. Quantization: BRST charge, symmetries and obstacles. Upon transition to quantum theory all the quantities entering the converted constraints and OSp(1|8) generator densities are treated as operators that implies a choice of certain ordering for products of noncommuting operators. At the same time the canonical Poisson brackets
It is necessary to provide further nilpotence of the BRST operator, fulfilment of (anti)commutation relations of the OSp(1|8) superalgebra and its generator (anti)commutativity with the BRST operator ensuring the global quantum invariance of the model. In addition, the hermiticity of the quantum BRST operator and OSp(1|8) generators has to be supported. The hermiticity requirement may be manifestly satisfied if we start from the above constructed classical representations for the OSp(1|8) generators and BRST charge in which all coordinates are disposed from the left of momenta, i.e. in the form QP, where Q and P are the products of the coordinates and momenta contained in Ω and the generators. Then the operator expressions for the latter are presented in the manifestly hermitian form composed of the operator products 1 2 (QP + (−) ǫ(Q)ǫ(P) (QP) † ), where ǫ(Q) and ǫ(P) are Grassmannian gradings of these coordinate and momentum monomials.
In particular, we obtain the following hermitian operator representationŝ
for the classical density S γ (τ, σ) (27) and
for the generalized Lorentz density L α β (τ, σ) (34). By the same way can be constructed the hermitian quantum generatorsˆ L ext M of the σreparametrizations and the Weyl symmetry generatorˆ ∆ ext
entering the BRST operator. Because other converted first-class constraints are hermitian by construction, the hermitian quantum BRST generatorΩ will coincide with its classical expression Ω (22) after the substitution of (38) and the hermitian representation forˆ L M ( σ) originated from (24) in Eq. (22) . Using the arguments [9] one can see that this realization ofΩ preserves its nilpotency and (anti)commutativity with the hermitian operators (36),(37) and other ones generating a quantum realization of the classical OSp(1|8) superalgebra.
However, the hermicity ofΩ and the OSp(1|8) generating operators by itself is only a necessary condition for the quantum realization of the physical operators, because the relevant vacuum and physical states have also to be constructed. It specifies a choice of the physical operators, the definition of their action on the physical vacuum and, consequently, the prescription for their ordering. Different hermitian orderings may give different results for physical values characterizing the same classical system. For instance, the critical dimension of the space-time in the quantized theory of tensionless string gives an example of such a physical value depending on the choice of variables used for the quantization. It was motivated in [11] that the coordinate and momenta operators have to be used in the tensionless string quantization instead of the creation and annihilation operators relevant for the tensile string quantization. This motivation is physically justified by the absence of oscillator excitations for the tensionless string which makes its dynamics resembling that of a collection of free particles and results in the choice of the physical vacuum annihilated by the string momentum operator. In that case the coordinateQ and momentumP monomials forming the discussed hermitian operator have to be ordered by the shifts of all theQ monomials to the left ofP. To achieve thatQP-ordering we have, in particular, to permutate some noncommuting coordinate and momentum operators in theQP-disordered hermitian expressions of the generator densities (36), (37) and others, constraintsˆ ∆ ext W (38),ˆ L ext M and the hermitian BRST operator. In view of that permutations divergent terms will appear in some monomials composed from canonically conjugate operators at coinciding points of p-brane. To keep track of these divergencies we shall regularize them using the prescription [11] and the results [9] based on the relations of the type
encoding the permutation effect of TCC coordinates with their momenta. Eq.(39) and its analogs for other variables follow from the regularized commutation relations
where δ ǫ p ( σ − σ ′ ) is the regularized delta function approximating Dirac delta function 1 . Application of the describedQP-ordering procedure to the hermitian, butQPdisordered, OSp(1|8) generator densities (36), (37) and others yields the hermitian and QP-ordered representations for them
The operatorsˆ S γ ,ˆ S˙γ,ˆ K γλ ,ˆ K γγ ,ˆ L αβ ,ˆ Lαβ in the r.h.s. of (41) coincide with the classical QP-ordered representations (27), (28), (32)-(34), where the corresponding operators are substituted for the classical coordinates and momenta. SimilarlyQP-ordered hermitian BRST operator takes the form
and acquires three anomalous additions. The first of them, proportional to the regularized δ-function, follows from theQP-ordering of the Weyl symmetry generatorˆ ∆ ext W (38) and is only contributed by the auxiliary variablesρ τ ,û α andûα partially cancelling each other during the ordering with their momenta. The contribution of other auxiliary pair (ρ M ,P M ) contribution. We observe that only the auxiliary twistor-like fields and the componentρ τ of the world-volume densityρ µ , introduced to provide the Weyl and reparametrization gauge symmetries of the brane action, 1 To catch the divergencies following from the reordering of terms with derivatives likeπ δε ( σ)∂ Mẑλδ ( σ) we omit the redundant condition δ p ǫ ( σ) = δ p ǫ (− σ) used in [11] . As a result, we find the r.h.s. in the regularized
contributed to the first anomalous term. The similar story concerns the second anomalous term proportional to the regularized derivatives of δ-function. This term appears from thê QP-ordering of the extended Virasoro operatorsˆ L ext M and only the above mentioned auxiliary fields together with the ghost pairs (Ĉ M ,P M ), (Ĉ (W ) ,P (W ) ) and the auxiliary fermionic fieldf contribute to here, because the contributions of the propagating phase-space variables are cancelled by the corresponding ghosts. This cancellation illustrates the boson-fermion cancellation mechanism provided by the BRST symmetry. The third anomalous addition, proportional to the total derivative, restores hermiticity of the cubic termĈ M ∂ MĈ NP N but, it vanishes in view of the periodical boundary conditions. The latter could contribute in the case on a nontrivial topology of the ghost field space. Then we find that the anomalous terms break the nilpotency condition for the BRST operator (42)
signalizing the BRST symmetry violation in theQP-ordered hermitian realization ofΩ. Moreover, the quantum OSp(1|8) symmetry also occurs to be broken
in this realization. Thus, we find that the quantum p-brane model loses its property to saturate quantum BPS state with 3 4 supersymmetry in the hermitianQP-ordered realization. 5. Discussion and conclusion. The general problem of quantum brane realization of the BPS states preserving M−1 M fraction of N = 1 global supersymmetry at the classical level was analyzed on example of the twistor-like p-brane in four-dimensional space-time. Twistor-like brane models are characterized by a fine tuning of a large set of classical local and global symmetries caused by the absence of tension. We constructed classical BRST charge and generators of these global and gauge symmetries and proved the closure of their unified P.B.-superalgebra. The P.B.-realization of the nilpotency condition for the BRST charge and its commutativity with the unified symmetry generators were proved. After that we considered quantization of the model and proved the preservation of the above classical results using hermitian, butQP-nonordered operator realization of the symmetry generators and BRST operator. ThisQP-nonordered hermitian realization could be considered as input data for the solution of the quantization problem. However, the problem remains here to prove the existence of the Hilbert space of physical states and vacuum compatible with the absence of theQP-ordering.
Otherwise, such a problem was earlier considered in [11] using the general construction of the finite inner product [12] and theQP-ordering in the quantum BRST charge and generators of the symmetry algebra of bosonic tensionless string. There was shown the existence of the full physical vacuum that is annihilated by the BRST and string momentum operators. The latter condition has picked up theQP-ordered hermitian representation as a physical one for tensionless objects. Motivated by these results we constructed hermitian, but QP -ordered operator realization of the brane symmetry generators and the BRST operator. Similarly to the case of the hermitianQP-nonordered realization we found the closure of the quantum superconformal algebra OSp(1|8). But in the contrast, the breaking of the commutativity of the quantum OSp(1|8) generators with the BRST operator was revealed. Moreover, the quantum BRST operator turned out to lose its nilpotency, because of the anomalous terms appearance. These results correlate with the manifestation [11] of the existense of the critical space-time dimension D = 2 as the necessary condition for the nilpotency of theQP-ordered BRST operator of tensionless string. So, we sum up that the classical OSp(1|8) conformal supersymmetry of the studied p-brane model is broken in theQP-ordered operator realization. As a result, the classical property of the BPS state associated with the brane to preserve M−1 M fraction of the N = 1 global supersymmetry occurs to be broken on the quantum level, if theQP-ordering is fixed as the physical one.
